Abstract -Diatom composition of the rheoplankton (phytoplankton) in the Sajó-Hernád river system (Slovakia and Hungary) was studied. Forty two sample sites were designated on the watershed from source to mouth of the two rivers and their tributaries. Samples were taken in July 2012. Altogether, 258 diatom taxa were identifi ed. The microfl ora was dominated by tychoplanktonic elements. According to the relative abundance of the occurring taxa, four groups could be distinguished. Differentiation of these groups was confi rmed by differences in the habitat characteristics, viz. altitude, width of watercourse, macrophyte coverage and river bed material. Diversity of diatom taxa in the phytoplankton was also studied. A positive relationship was found between the macrophyte coverage and the Simpson and the Shannon indices. In contrast, a negative relationship was shown between the macrophyte coverage and Berger-Parker diversity, in which metric the role of the dominant taxa is emphasized. Although the phytoplankton in rhithral rivers is infl uenced by stochastic events, our results reveal that geographical and hydromorphological characteristics of the rivers and coverage of macrophytes can also play role in shaping the composition and diversity of the phytoplankton.
Introduction
In parallel with the physical constraints, structural and functional characteristics of a stream, communities show considerable changes in rivers moving from source to mouth. The biota of the upper sections consists primarily of benthic elements and their survival is essentially based on non-native matter and energy input (VANNOTE et al. 1980 ). In the lower, potamal sections of the rivers the native primary production of phytoplankton communities becomes dominant and provides carbon sources for the decomposers (TAMÁS-DVIHALLY 1993 , VÖRÖS et al. 2000 , THORP and DELONG 2002 . The composition of phytoplankton communities shows continuous changes from headwaters to alluvial sections, which can be demonstrated by the ratio of tycho-and euplanktonic algae (VANNOTE et al. 1980) . Investigating the phytoplankton of the Tisza River (Hungary) UHERKOVICH (1966 a, b) identifi ed three algal-based river regions: rheon, rheoplankton and plankton. The rheon section is free of algae, in the rheoplankton section tychoplanktonic elements dominate, while in the plankton section euplanktic algae prevail. It has been also demonstrated that the longitudinal variation of the algal assemblages strongly depends on current hydrological conditions (UHERKOVICH 1971) . During fl oods the regions shift downward, and the planktonic region may disappear. This concept is not restricted to the Tisza river catchment, but can be applied to other river systems (STANKOVIĆ et al. 2012 , ABONYI et al. 2014 . In middle and low discharge periods in the lower sections of alluvial rivers high biomass phytoplankton assemblages might develop, dominated mostly by chlorococcaleans and centric diatoms (SCHMIDT 1994 , KISS and GENKAL 1996 , KISS and SCHMIDT 1998 , VÁR-BÍRÓ et al. 2007 , KISS et al. 2012 ). It has been also shown that concerning the dominant algae, the phytoplankton of large potamal rivers is similar to that of shallow turbid lakes (REYNOLDS et al. 1994) . The potamoplankton of large rivers has been extensively studied (KISS 1987 , KISS and GENKAL 1996 , REYNOLDS and DESCY 1996 , KISS et al. 2002 , KISS and ÁCS 2009 ), but the phytoplankton of the upper river segments has received much less attention. What we know from the sporadic studies on stream phytoplankton is that it is dominated by benthic elements, mostly by diatoms (SZEMES 1948 , 1967a , 1967b , VÁNCSA 1974 , 1976 , 1977 . The low number of studies dealing with stream phytoplankton can be explained by the fact that most algological investigations are aimed at assessing the ecological state of water bodies, and since quality assessment in the upper sections of the rivers is based on benthic communities, phytoplankton is generally not considered. However, phytoplankton composition in the lower river segments should be strongly infl uenced by the inocula conveyed by the upper tributaries, which necessitates the investigation of the phytoplankton of these less studied systems.
In previous studies (UHERKOVICH 1971 , ROJO et al. 1994 only the basic types of river phytoplankton assemblages were described; viz. rheoplankton dominated by tychoplanktonic taxa and potamoplankton in which euplanktonic elements prevail. Investigating the diversity of phytoplankton in these two river types BORICS et al. (2014) demonstrated that diversity trends are determined by different underlying mechanisms. In rhithral river systems stochastic processes shape the diversity patterns, while in potamal rivers the role of competition seems to be of great importance. Diversity trends were also dependent on the metrics used for diversity calculations.
Much less attention has been paid to the detailed description of the phytoplankton in rhithral rivers (BLUM 1954 (BLUM , 1957 than to the potamoplankton of the lower river segments. Therefore, the aim of the present study was to explore the composition and diversity of the phytoplankton in a rhithral river system. Since previous results (VÁNCSA 1976 , POZDERKA et al. 2014 ) suggested that diatoms are major components of the rheoplankton, we focused exclusively on this group.
We hypothesized that (i) planktonic diatom assemblages are not just stochastic mixtures of species, but are tightly coupled to stream types; (ii) diversity of the planktonic assem-blages is infl uenced by the hydro-morphological types of the rivers, and (iii) increases with the size of the water bodies.
Material and methods

Study area
All rivers sampled in this study belong to the Sajó River watershed (Central Europe, Slovakia and Hungary). Sajó is the second largest right-side tributary of the Tisza River containing streams of 1 st to 6 th orders (STENGER-KOVÁCS et al. 2014 . The mean water residence time according to LEOPOLD et al. (1995) and SOBALLE and KIMMEL (1987) is 14.9 days. Annual mean precipitation in the watershed is 600-1,250 mm, annual mean temperature is 4.5-11.0 °C. The upper sections of the River Sajó and its tributaries are typical mountain rivers and although the lower river enters the northern part of the Hungarian Lowland the river keeps its rhithral character, with prevailing coarse substrates (macro and mezolithal).
Sampling
Samples were collected from 42 sampling sites, which covered the whole watershed ( Fig. 1) in July 2012. The sampling points were selected to include the main sections of the Sajó and Hernád rivers and the relevant tributaries. Twenty liters of water was fi ltered through plankton net (mesh size 10 μm) and concentrated to 50 cm 3 . Samples were taken from the thalweg. The samples were fi xed with formaldehyde (applying 4% fi nal concentration) and stored in plastic containers (CEN 2003) . Environmental variables (water temperature, pH, dissolved oxygen, electrical conductivity) were measured on the spot with a Hach-Lange HQ40D water quality fi eld kit. Other variables (water depth, width of the river bank, relative frequency of dominant substrates and percentage cover of the main life forms of macrophytes (euhydrophytes and helophytes) were also estimated in parallel with the samplings. For these parameters depending on the size of the rivers 500-1,000 m long river sections were surveyed. The relative abundance of the various sediment types provide useful information on the velocity of water currents, and help in characterising the various types of rhithral river systems.
Sample processing
To study the diatom components of the microfl ora we prepared permanent slides. For the removal of organic matter the samples were digested using H 2 O 2 in a water bath (60 °C), and a drop of HCl was also added to the samples to remove calcium carbonate (CEN 2003) . After fi nishing digestion the frustules were washed in distilled water and mounted in Cargille Meltmount mounting medium (KELLY et al. 1998 ) (refracting index = 1.704). Cleaned diatoms were identifi ed and counted under oil immersion at a magnifi cation of 1000× with the application of differential interference contrast (DIC). To equalize the counting effort 400 valves were counted in each sample. Identifi cation of diatom species was performed according to LANGE-BERTALOT (1986-1991) , KRAMMER (2003) and HOFMANN et al. (2011) .
Data analysis
A cluster analysis based on Euclidean distance and using WARD's (1963) agglomeration algorithm was applied to phytoplankton data with a view to identifying distinct, empirical clusters.
A Kruskal-Wallis Anova was used to test the signifi cance of the relationship between environmental variables and diversity indices.
Indicator value analysis (IndVal) (DUFRENE and LEGENDRE 1997) was used to identify those species that can be considered to be indicators of the groups identifi ed by the cluster analysis. The value of the IndVal index reaches its maximum (1.0) if all individuals of a species are found in one defi nite group of sites (specifi city), and if the species can be found in all sites of that group (fi delity) (DUFRENE and LEGENDRE 1997) .
We used a sample-based species accumulation curve (COLWELL et al. 2004 ) for the prediction of species richness which implements the analytical solution known as »Mao tau«, with standard deviation. The species accumulation curve and the cluster analysis were made with the PAST software package (HAMMER 2001) .
In the various metrics used for characterizing diversity of biotic communities different weights are given to the dominant taxa, and thus, the metrics capture different aspects of diversity. To describe all relevant aspects of diversity TÓTHMÉRÉSZ (1998) proposed the application of special cases of Rényi's entropy (eq. 1). The higher the value of the scale parameter (α) the higher weighting the given to the most abundant taxa. HR 0 is the logarithm of species richness; HR 1 is the Shannon diversity (eq. 3); HR 2 is the Simpson diversity; HR ∞ is the Berger-Parker index (eq. 5). PEARSON's (1897) correlation coeffi cient was applied to explore the relationship between environmental variables and diversity metrics. Family-wise Bonferroni corrections were used to decrease the risk for a Type I error in pairwise comparisons.
Results
Phytoplankton associations
Based on diatom composition four distinct groups could be distinguished (Fig. 2) . The results of the IndVal also supported the presence of the four groups identifi ed by the cluster analysis. The IndVal analysis showed that several species had signifi cant (p < 0.05) specifi city for and fi delity to the groups (Tab. 1). Tryblionella levidensis, Cocconeis neodiminuta, Didymosphaenia geminata, Hannaea arcus, Navicula splendicula, Placoneis elginensis were characteristic for the fi rst group. In the second group Cymatopleura elliptica, Fallacia subhamulata, Navicula antonii had the highest fi delity values. Gyrosigma attenuatum, Aulacoseira granulata and Gomphonema parvulum had high indicator and low p values in the third group. In the fourth cluster Nitzschia capitellata and Thalassiosira lacustris were the most characteristic elements.
The relationship between the groups identifi ed by the cluster analysis and the relevant physicochemical and hydromorphological variables and macrophyte coverage was also studied (Fig. 3) . High-altitude rivers were characteristic of the fi rst group. Small middle alti tude rivers with coarse substrates constituted the second river cluster. In the third group middle altitude rivers (200-300 m) with relatively high macrophyte abundances were found. Large lowland rivers with fi ne sediments constituted the fourth cluster.
Diversity
The calculated species diversity metrics showed a very poor relationship with the measured environmental variables (Tab. 2). The value of the Pearson correlation coeffi cient was low in the cases of all the indices. Relatively high values (> 0.3) were found between the macrophyte coverage and Shannon and Simpson indices. A negative relationship was found between the macrophyte coverage and the Berger-Parker index of dominance (-0.31). Regarding their diversity, the four river clusters showed remarkable differences. In the case of the high altitude rivers the species richness was high. However, occasionally some species occurred in high relative abundance in the samples, which is refl ected in the high values of the Berger-Parker dominance index. In the second river group the low species numbers were associated with high dominance index values. A high species number could be observed in the third river group. However the occurrence of species was well balanced in this group, which was clearly illustrated by the low value of the Berger-Parker dominance index. Similarly to the fi rst group, in the fourth river group both richness and dominance values were high (Fig. 4) . The observed number of species was related to the very high species diversity of the watershed. However, we also wanted to know how large the potential species pool of the Sajó River's watershed is; therefore, a species accumulation curve was used to characterize the relationship between the sample number and species richness (Fig. 5) . The relationship could be described by a power function: Y = 52.816 × X 0.4326 ; where X is the sample number and Y is the species richness of the watershed. The lack of asymptote means that in case of additional samplings increase in the number of taxa is expected.
Discussion
Algae suspended in lotic systems are commonly referred to as potamoplankton (KALFF 2002) . However in recent studies this term has been applied to the plankton of large potamal rivers (STOYNEVA 1994 , GOSSELAIN et al. 1998 . Since the potamoplankton consists pri- marily of euplanktonic elements, using this term for the plankton of the upper river segments where tychoplanktonic elements prevail seems ambiguous. Therefore, we propose to use the term rhithroplankton for the planktonic communities of the upper, rhithral rivers. VÁRBÍRÓ et al. (2007) differentiated 8 riverine phytoplankton assemblages including one benthic type and seven others, mostly transitional and typical potamal assemblages, and impacted ones. In this study the so called »benthic type« was investigated in high spatial resolution. The presence of the four well delineated phytoplankton groups shown in this study clearly demonstrates that rhithroplankton assemblages cannot be considered as a simple stochastic co-occurrence of benthic species. The fi rst bifurcation in the dendrogram was strongly supported by the altitudinal differences of the rivers in the two groups. Although the additional bifurcations in the group of middle and low altitude rivers were also supported by some hydrological and/or biological variables, in these groups spatial effects occasionally overcame the environmental effects. This was evidenced by the fact that spatial proximity of sampling sites sometimes was associated with similarity in species composition. This kind of spatial autocorrelation was also demonstrated for other microscopic systems (HEINO et al. 2010 ). The spatial effect was not characteristic of the fourth group. The three sampling points belonging to this group were situated far from each other. However, the hydromorphological characteristics of the groups were similar. The fi ne substrate (argillaceous) indicates low relief of the river valleys. Two points were at the lowest part of the tributary, while the third point can be found in the upper, impounded stretch of the Hernád River. In these sampling sites as well as the planktonic forms (Aulacoseira granulata, Thalassiosira lacustris) several benthic taxa (Cymatopleura elliptica, Gyrosigma attenuatum, Nitzschia capitellata) had high IndVal values. This can be explained by the fact, that these species frequently occur in lentic environments (SZABÓ et al. 2005) , which are more characteristic of the lower parts of the rivers' watershed.
Phytoplankton associations
Diversity
Although the values of diversity metrics are exposed to disturbances entering the systems (BORICS et al. 2013) , these indices are the most frequently used quantitative descriptors of community properties (HACKER and GAINES 1997) . High diversity values might refer to complexity, stability, or to the ecological state of the systems. However, phytoplankton of the rhithral rivers is not a community in the traditional sense of the term. It can be considered an eclectic mixture of benthic and euplanktonic species, which are entrained into the suspension from various habitats. Thus, the plankton integrates the species arriving from benthic substrates, ponds, impoundments, pools and shallows of the rivers (STOYNEVA et al. 1994 ). Since the rhithroplankton diversity refl ects the habitat diversity of the river catchment , artifi cial modifi cation of the watershed contributes to the increase of the phytoplankton diversity. The high number of the euplanktonic species observed in the samples is partly attributed to this impact. Occurrence of the species Cyclotella meneghiniana, Aulacoseira granulata or Aulacoseira muzzanensis can be considered natural in rivers' phytoplankton ). These taxa can fl ourish even in benthic environments (ISTVÁNOVICS et al. 2011) . However, occurrence of other centrics (Thalassiosira lacustris) refers to the presence of large lentic habitats, or a slightly saline environment, which was not characteristic for the natural catchment of the Sajó River. In the middle sections of the Sajó watershed main channel impoundments and several offriver reservoirs were established which might serve as potential sources of algal inocula.
As to the diversity, our expectation was that diversity would increase in parallel towards the larger rivers, thus, variables like water depth, width of the water-course should correlate with the increase of diversity metrics. In contrast, we found that the only variable that showed signifi cant relationship with diversity metrics was the abundance of macrophytes. Emergent and submerged macrophytes provide prominent substrate for benthic diatoms (PASSY 2007) , therefore the presence of macrophytes largely determines the species composition of rhithroplankton. This suggests that the local increase in benthic habitat diversity can play important role in shaping rhithroplankton species diversity.
Phytoplankton diversity is highly sensitive to environmental disturbances (SOMMER et al. 1993 ) and thus shows considerable spatial and temporal variability both in rivers and lakes. It is indisputable that detailed description of diversity needs long-term monitoring data for the phytoplankton. These kinds of data have been restricted to the potamal sections of the rivers; for the rhithral sections only sporadic data are available. In conclusion, the high spatial resolution snapshot survey performed on the Sajó-Hernád river system provided information on the phytoplankton diversity in rhithral rivers. Our result demonstrated the importance of both environmental and spatial effects on the composition and diversity of rhithroplankton assemblages.
